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Albert et al., Molecular Biology of the Cell, 4th Ed
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• Review of dimensionality reduction techniques

• SVD-MDS

• Pathway network analysis software

• 1st Application: Cerebral Malaria characterization

• 2nd Application: Treg characterization
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Alter et al., PNAS, 2000
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Bécavin et al., Expert Review of Molecular Diagnostics, 2011
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In many physical, statistical, and biological investigations it is desirable to

represent a system of points in a plan, three, or higher dimensioned space

by the "best-fitting" straight line or plane

K. Pearson, Philosophical Magazine,1901
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Different measures for different linear
dimensionality reduction techniques

Covariance (PCA):  Euclidean distance (Classical scaling):

Correlation (PCCA):                                                  Chi-square distance

(correspondence analysis): 
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Inner product matrix
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si
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It is easy to demonstrate that inner and outer

product  matrices have the same eigenvalues, 

which are linked to singular values

with
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PCA
search for the “best-fitting” line

Non-linear PCA
search for the principal curve
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Roweis et al. , Science, 2000

Tenenbaum et al. , Science, 2000
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Tsai  F., Journal of Artificial Intelligence, 2010
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-Each pair of points connected

by a spring:

- Calculation of force for all

points (non-conservative system):

-Find new position of all points 

using Newton equation,

and Verlet integration:
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• Review of dimensionality reduction techniques

• SVD-MDS

• Pathway network analysis software

• 1st Application: Cerebral Malaria characterization

• 2nd Application: Treg characterization
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MDS using Spring analogy

SVD
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  )(tsTxF i

stoch 

Stochastic force
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 The use of SVD is the best initialization strategy for 

MDS;

 Iterative dimensionality reduction does not improve the 

optimization;

 Adding stochastic also does not improve the process;

 Using parameter for local change assessment we prove

that our representation is generally more accurate than

the one obtain with our other MDS algorithm.
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Bécavin et al., Bioinformatics, Submitted
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• Review of dimensionality reduction techniques

• SVD-MDS

• Pathway network analysis software

• 1st Application: Cerebral Malaria characterization

• 2nd Application: Treg characterization
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Prieto et al. ,

Plos One

2008
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Selection of species and reactions Nodes and edges of the network
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Naked

network

Gene

expression

Over

Represented

pathways
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• Review of dimensionality reduction techniques

• SVD-MDS

• Pathway network analysis software

• 1st Application: Cerebral Malaria characterization

• 2nd Application: Treg characterization
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IgG Autoantibody to Brain Beta Tubulin III Associated with

Cytokine Cluster-II Discriminate Cerebral Malaria in Central India.

D. Bansal, F. Herbert, P. Lim1, P. Deshpande, C. Bécavin,…

…, A. Benecke, S.Pied., PLoS ONE, 2009
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• Review of dimensionality reduction techniques

• SVD-MDS

• Pathway network analysis software

• 1st Application: Cerebral Malaria characterization

• 2nd Application: Treg characterization
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Peripheral blood:

• aTreg (activated Treg)

CD4+CD25hiCD127-CD45RA-HLADR+

• cTreg (cytokine emiter Treg) 

CD4+CD25hiCD127-CD45RA-HLADR-

• nTreg (naive Treg)

CD4+CD25hiCD127-CD45RA+HLADR-

• Tconv

CD4+CD25-CD45RA+HLADR-

Cord Blood:
• nTreg (naive Treg)

CD4+CD25hiCD127-CD45RA+HLADR-

• Tconv

CD4+CD25-CD45RA+HLADR-
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All probes

Core signature

41 probes over-represented

and under-represented

(in comparison to Tconv)

for every Treg subset

Total signature

1201 probes over-represented

and under-represented

(in comparison to Tconv)

for at least one Treg subset

Tconv nTreg

cTreg aTreg
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FOXLF

FOXP3
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Log of fold-change



 SVD-MDS: New MDS algorithm which is accurate and 
computationally efficient.

New dimensionality reduction methods for the representation of high dimensional "omics" data. C. 
Becavin, A. Benecke. Expert Review of Molecular Diagnosis, will appear January 2011

Molecular dynamics multidimensional scaling initialized by singular value decomposition leads to 
computationally efficient analysis of high dimensional data. C. Becavin, N. Tchitchek, C. Mintsa-Eye, A. 
Lesne, A. Benecke submitted to Bioinformatics

 Software developed for gene expression and Pathway
structure integration

 Three different applications to biology
IgG autoantibody to Brain beta Tubulin III associated with cytokine Cluster-II Discriminate  Cerebral 
Malaria in Central India. Bansal D, Herbert F, Lim P, Deshpande P, Becavin C, Guiyedi V, de Maria I, 
Rousselle JC, Namane A, Jain R, Cazenave PA, Mishra GC, Ferlini C, Fesel C, Benecke A,Pied S. Plos One 
4(12) (2009)

HMGA1-dependent and independent 7SK RNA gene regulatory activity. Sebastian Eilebrecht, 
Christophe Becavin, Helene Leger, Bernd-Joachim Benecke, and Arndt Benecke. RNA Biology, In press.

Publication of the results of the study on Treg subsets with Lars Rogge..

37
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Alter et al., PNAS, 2000 Ebbels, Bioinformatics, 2006
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Orthogonality

(e.g.: PCA, Factor Analysis)

Independence

(i.e.: Independent Component Analysis)

Decoster, 1998
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Tsai  F., Journal of Artificial Intelligence, 2010
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Bécavin et al., Biophysical Journal, 2009



6 Décembre 2010Soutenance de thèse de Christophe Bécavin
46/30



6 Décembre 2010Soutenance de thèse de Christophe Bécavin
47

/3

0



6 Décembre 2010Soutenance de thèse de Christophe Bécavin
48/30



6 Décembre 2010Soutenance de thèse de Christophe Bécavin
49

/3

0


